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Mitt 6 0 %£Lbt?* * Ci^iifl) 9*431 1 IB 
mtfeKT^Xgi, 

traBintk^^RKf b«9flt« 450 °c&±.<Dumc^< c 

^^>TJb^;Wb^«j^Qi^-rti^<b, iSBfcS^W* 
-r^cicc^o, ]6it^js^yif^ F»*jgjsK-rsx 

Si, 

■5t>>, t F^^>T^^;Wb-^^JCD^^CDl^-rn^CD 
iAU, iSlB^K»b«l»*»fiS-rSXSi«:W1-* 

[f»#JH6] tulB^^Jl^fb^ilXttmilB^^ 
JK^UIf-f FIli^JSK-r-SMCc, aEE*H«itifCig^PJh 

>7Jl/+JUfb^«#X©4>&< l-o^rilTC^JiLr 
iAO, *&{b^Kl£fcJ:»K S?fiB^ I J^>llcD^MCDg 

mmitm^mik? ztm* w-r s c t t -r &i*$ 

[»«a7 3 oriBe«{M^tii*i»*-rsxa^6«9EW 

ifcS^S{b«JB*0fi!E"rsxgasr<Diai«, striae y 

TiCl 4 +NH 3 -> TiN + 
TiCl 4 * n NH 3 -£>NH,C1 (iSflTTlfttftSO 

©^ + >^rte* i 2 o°ct(±6cftfl»Lfewntf&6a 

[0 0 0 5] CtllCttLX, fxfctfX±LXTiC\ 4 tu t 



^>^^x^;U{bftOt^fi5&>%WT4//X'C*-5C i 
[0 0 0 1] 

jsttSKSSfbs&Jwasnrteo. 
WcfctirttSttWB^aw^bsn. E*#3wi{b3*ir 

l^o Sot, ffi»»^<D«ffi^J«©ftA*B5±L/c 

rsm^Karbftj; o & y r j* #)\s&m\<> htix 

[0 0 0 2] 

20 [fi£3fc<D£Sffi] iB»ji(DTfl&ift:5^yT^^^*»fi!E 
TSW&ccfct, ^a^#McD^ny><b^^^<br>^: 

^7^^ffll^iCVD (thermal chemical vapor d 
eposition)ffi*S|£<*il*3*T ( rt^. W^-t*. TiCl 4 <t 
nh 3 *KJ£#xicm>Tj»C V Dffitc J; 0 ^ y 7> £ 

is-bmhft&f&mMmte 5 o°c£U:t*So 
[0003] c<z>i#^\ ^yr^ f;i/*ccw*«3&5gia 
LraastS{b(DjRH<fca*©r. »«*ft<fc«&fc»6 
0 0 a cj: 0 fewc^siaR^si-rs. -eowfflits, 

CDM. J. Buitinq, A. F. Otterloo, and A. H. Montre 
e, J. Electrochan. Soc. f VOL.138, No. 2, Feb. 199 
1, (2)1. J. Raai~jmakers and A. Sherman, Proc. V.M.I. 
C. , Santa Clara, June 1990, <3>E. 0. Travis, W. M. 
Paulson, F. Pintchovski, B. Boeck, L. C. Parillo, 
M. L. Kottke, K. Y. Yu, M. 3. Rice, 3.B. Price, an 
d E. C. Eichman, IEEE I EDM Tech. Diq. , 47(1990) 

[0 0 04] 
40 TiCl 4 +NH 3 -+ TiCl 4 • n NH 3 

TiN ^sr*4WS««rfc^©5fS^*sc 
* 0. nh^ci 3&iSJB^©?&A/c»9f(c«Tffl-r*o 

HC1 + N 2 , NH3 + HCI hHCl 

^rfflC^ ECR (Electron Cyclotron Resonance) -C 

#»tcw<&o, urn. ECR^^^zmm 
temttx^mitu. ^hto^ -€-©SEfi*ffi«. 

®T. Akahori and A. Tanihara, Extended Abstracts S 
50 olid State Devices and Materials, 180 (1991) 



3 

[0 00 6] 

<t^fcH«rt***. Cfttc*fOT, W«*£>V-X 
*ffl^rJ»CVDffiX«*CVDffiCC<fcO 4 5 O'CfiTF 

*3ftTl>&. 
[0 0 0 7] ©I. J. Raai.-jmakers, R. N . Vrtis, G. 
S. Sandhu, 3. Yanq, E.K. Broadbent , D. A. Toberts, 
and A. Laqendiik, Dune 9-10, 1992 VMIC Conf . , ©K 
azuyalSHIHARA et al . , JAPANESE JOURNAL OF APPLIED 
PHYSICS VOL.29, No. 10, Oct. 1990, ©KOICKE IKEDA e 
t al., 1990 Symposium on VLSI Technology 

L&i^ci3&s*ne>*ir*j«5, -ene»©raccn>^^ f^ 20 

*5l>TiE*B3ftTl>£. 

[0 00 8 ] ®C. Y. TiNG AND M. WTTTMER, Thin Soli 
d Films, 96 (1982) 327-345, ELECTRONICS AND OPTICS 

3c<ttt<l^L&wfttftt6ttc>. Lrfciss mi£-e 

ace x^^gi^iiu^>^^ f^*^*^ 
[0009] -ene>— is<D^p-fex4, MutK 

[0010] 

[ooi n ss/ctt, BJiBjS7c//xsafa[*««, r> 50 



*WB¥6 - 6 1 2 2 9 

4 

fliEl»ttl(^^«^fc«JK* 4 5 0-CJy±(DjatttC|B< C 

c i 4^S5t i -r ji^ffi'cc et 0 must* 

[0 0 12] SWi, ^y=i>H(D±CC, bF7^>i?' 
x, t K^^>r;b+;Ht^^xcDCi-rti^i, len 

[0013] SuiarSMS^ll^t^X^SulE 

tca^n/cBJtE^y n»i<3DSfficc % b f^>#x, 
b F^s^Trt^Mt^tf ifc 104M7C 

[0014] sfci*. wiaa«ssi{tBi*i»*-r*ns^ 
&BoEmH^RS<b«iB £ 11 * r © rati , 

i 4#i5r if* **fl«K©KJIt^gK: J: 0 ifcST S . 
[0015] 

[ffi Hi] *«?8tcJ:ftK. vy 3>»CcSS-r5iEJ»* 

«*«fisr ]«it^/i^'yr^^^©T^^ 
^/s>-yit^ F.H*^y3»iiiEiaji©pjcc^aES^ 

[0 0 16] *»^{C<fcfttf, s*VT 

*TiN CD J; 5 &B»^^RS^«J«rfli:fi-r sw^tc, a 

{fc«J. T^^^T^Ffb^, tF7^>, tF7^> 

cfttCcfcfttf, r;i/5^-^ACDT®ie*itc^;u F-^t n 
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JKA*i?P*J3ti, TiCl 4 *TiV~*<t OT7fjl>S»£-C 
[0 0 1 7 ] *fc, JM<D#»»tecfchtf, «BE#HM* 

SMi^yf^ fr, w»**j»a{k!B!i«*?BflE-r 

i*KLrCVD)a*J0Efi"C#. *A>-:/* FjWdLt-r 

3o 20 
[0018] 3 a>£i> Fy^il/ilt>"j3> 

[0019] tefc, ±gSLfc«rlB[^JlS{k!ft«, IM§ 
JRCC JlgSE 3 titc * - ^ & Jt^tc fe Biatc Iti 30 

[0 0 2 0 ] 

< a ) *»e<z>* 1 igttftowH 

BIB, *«WO»l3a6«&c«S^';Ty ^il/OflES 

ccfflc>4^»a#H«fi (icvD) gg^^-rgsfsit 
[0021] comcvD&m*. m&f&mr&tc&xD 

«Hfc2£, * + irtfcv-*^*a»A?"£)fctf> 
AT&/c^cDJg2<D#X«ACI4 07nO&l>Si*t« 

« tc s« s n r ^ + > ^ i © * ^ * SF« -r * if MP 5 

[0 0 2 2] Wc 4 ±BEL/c&CVDi8B«:flMU 
£^2(A) -i2(D),i3(A) — H3(Q «r#flSL&* 1 
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CO 0 2 3 ] H2CA) tt, MOSFET4H5»ra*6« 

T*£>£ 0 pfi©i/';3>J:D&5*«»lfil 1cd±® 
tctt. SiQ, J: 9 ft* 7 *-;UFBKfcRl 2#aiR«fc8k 
K{tfCJ:t)6 0 OOAOWStc^snrCiSo ^CD? 
* F&ffclK 1 2 CCH*nfc««CC«MO SFET^ 

M^ntc^ e *<dmosfet«. mm&mmi i 
©asccfRK^fcccj: o ^mstitcmmm i o o acdsiq, 

<fc0tt*y- F*§M»«1 3i, ^<D±K:CVDffiK:j:g 
J&fi3*i/c«TOft2 0 0 0A©#'JV»J3>i^^&S 

«JB15a. 1 5 b iSrWOriiS. 
[0 0 2 4 ] ^<£>S/D£HJ$Jf 1 5 a, 15b^ » 
tf , *3S»S« 1 1 teat* (As) * F-XS4 X 1 0 1 s 

/ cm 2 , jraaut*X'=r r -3 OKev -caAi, 

8 5 0°Cr^ftb/ck<Dr&£ o */c, y-F»figl 
4, S/DWlSa, 15 b, 7 * FBMbBt 1 
2tt. W3>BMtfll^6<c4BI»5 00 0A©jBffllfi 
J»JR 1 6 CCfifeti, S/DM^Jt 1 5 a, 1 5 b CD±SC 
(J3>^ 17 a, 17 b^M?nri^ 0 

[0 0 2 5 ] C©J:9&MOSFET*sjKfiSSn/t^z» 
ft^S 1 1 *C V DSBOlHd 2 KttBT 6 i <fc 
fC. tSB"&2©rtSB<Dt-4rtCj:i9*a»«=SiRl 1 
S6 0 0 e CWT. »*L<«3 0 0°C-5 0 0"C©afl[ 

[0 02 6 ]^ lt t TKDT^+^T 5 -/<fc«»r*4Ti 

cncch^),)***^^-^ 'jr^xiLr^^^ii o 

sccHir^^V^OTffiSStf, CtlJC <£ ^Tf#*E>ft/c 
Ti(N(CHi)i)« iN, Og^?:V-^iltSl 
(D^X®AD3^6^f >^1 fliCiAt^o CCD<b 

V-X#*<D#JI«to4 OmTorr £#0. ^<0^^> 
mi OmTorr *5Ti(N(CH )a )«<D#HT>#><2> 0 
[0 02 7] a5ES<JS^{fc«iLr^^l'b 
F-7 > ? > ( (CH, ) 2 NNht ) 10^100 sccmT 

»2©^aBAn4^6^i->^lrt&Ca»ArS. (C 
HOiNNM*. Sffl (2 5 - C) -Cttl 5 0Torr(4<O^«E 
4^o©t, MFC (Mass FlowController)^fflC^ria 

©rtBBE***f[+mTorr — 1 TorKC 

[0 0 2 8 ] H.^+t'Jr^^jJttl 0-10 

00sccrr#ie[2gAU-CfeJ:< . CftfcJztlttmTC&fflB})'? 

tin icH, (««£) in, (a*) ^t;^>o cntcj: 
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0. Kl££J5E%<LLT©TiN S/DWl5a, 

1 5 b<D±M£zi>&2 F*-;U 17 a, 1 7b<Dfoffl 

[002 9] c<DW&-cffiimmm%b. 02 cb) cc^ 

rA^TiNJBl 8«:Jft4 0 0Aga<O/?3«:}|gj5aEra. 
#C(,>T\ 0 2(C) tC7STJ:^W: fc TiNMl 8<£>_hCc v X 
^^cOPVDffiCC^OAlMl 9£»5 0 0 0 A<DfW- 

zttcmm-r&o m^r. T^mi st^mi 9<D2mm 10 

«B15a, 1 5 b^e»?l*Hi3tlSS/D«ffi2 0 

[0 0 3 0] J^l^r, 02 CD) tC^-Tcfc^CC, PSG? 
©JBIRH6JHBI2 ltJBflELfea, S/D112 0a, 2 
0 bCD±CCtr*-Jl/2 1 a, 2 1 b «:JI2J5R-r4. & 
CC % @3(A),(B) (C^-TJc^K:, g&£L/cTiN Ml 8, 

aim 1 9 tmrnteBfo-xmc* k> , mmm* o o a©ti 

NI22 iRB»5 0 0 0 A<DAlR2 3 O— JBJB^JBfiE 

*r£ D 20 

[ 0 0 3 1] ttl>T. 03 co 5 fc % yv^7 

7^-RJBtC<fcf5TiN R2 2<hAlR2 3*^'*-r.>y 
U S/Dii2 0a, 2 0 btcSSKSnSAlBB«ll2 
4a, 2 4b^M"T^ C<Df&tC, ^Ci^LtC^j: 

TiCOTJU + Jl/T 5 ^{b^T?^>6Ti(NCCH 3 ) 1 )4 ; £:ffil\ K 

{t^WT*sccHj)ii^^*dtffe©*flai^r, cv 30 

DffitciOSftitCTiN Rl 8£7£j&0n>& 0 
[0 0 3 2] C<D££, JSJCBStJSiSWi ItTiN (D«*>tC 

j:5ftfcott^fiEStiai». CH4 ^x^^x^, * + 

3 fca&CD t - $ m^z C V D ^gtc ttJJDT 4 a I > „ 
[0 0 3 3 ] Ui»i>* ±Mbtc£*)t£V~?,ijXtm7t 40 

tt#x*flai>sc£ccj;9, ^wctfe3 o o°cfifir& 

fSttfbPWC* 0 , RffMaSSrfikfccD 6 0 0 a CJi(± 

2i*©±TtC^SnSAllBl 9, 23£<DP E gCt£C 
SJR^WWJSti, S/DlS2 0a, 2 0 b -^AlIS^ 

2 4 a, 2 4 bco^;U h^ta * ^^^U88< 

[0 034]ft*5, ±fELfcitt9J-Ctt v V-X^iU 

r, ticdtju*;ut 5 ^bftr&&TiCNCCH 3 ) 2 ) 4 £$JB 

Lr^W, TiCNCQH,) a ) 4 r*&-?rfe<£l> 0 ^<D\^(D 
TiZSttV—XifXt Uttt, Ti(i-0C 3 H 7 ) 4 , Ti Ct-0C 4 50 
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hi) 4 ^f©r;u=J*^ hMb!BJilcCi«Tici4 . Tia 3 . tici 

CN 3 ) 2 , Cp,Ti ^<D*s9U'<Zs&is3UX.Mtfyl : S:'£t2*J 
[0 0 3 5 ] fIL. S^P^>£^x^;Mb1»r*Scp 

zTKNa),, cp.Ti *§sra % saraftrasor. 
Hi 4BSb/c fetor** 4o Jgcc* ilTc^xiLrti, cc 

^) 2 NNH2, (CHj)HNNHi <Ofl6CC, CH 3 NHa k CCH 3 ) 2 NK (C 
Hj ) 3 N , (Q H 5 ) 2 NH , CC 2 H 5 ) 3 N, CH 3 NHIH , Q H 5 NHNht 

t F^i^>NiH4*^tf^acl»«b F^><DT;u*;u 
{b^*atf#**flH>rfcJ:i>. t F^^>TJi/+;u 

{b&ISK** ±fBb/Ccfc ; 5a(CH 3 )HNNH 2 , (CH^NNHi^ 

cch 3 )n, -^cc 2 H s )N 3 ^r*or feefco. a*5. cne><D 
a7n^/x«^t«i or fcmrrs. 
[0 0 3 6] c<Dgaswr«. ^yr^^^iurTiN 
£3H>rc>&^ ^©ffioiSM^^BiaftttiL/r. ^ 

>^xf> (w) ^^u^> (Mo) (omtm^m^ 

m<DT)\«3r)i>T $ sim, yn>:a*^Fffc^tt. ^ny 
>{b%, i/9u^zs#tsx-~)i'ihyii~c$>ho &cc, y- 
x^x<burTici 4 STuSo'^b^/xi ur^ 

^^Uy^tcot,»ri(il8"r4. ttte, KKWtc^ + >^^rt 

OJE^J^ 1 0 0 mTorr <bL, 40 0-70 0 "CCD^g® 
HrTiN *JflteRL/c„ 04CC HTcJPJiUrMH&tt 

[0 0 3.7] MHS^CC<fc^TiN ©«5fijia». 3 
TCteJt^r— ffiBK , MHSScl 1 0sconrfiSfijaft4 0 
0°CcDi#^CC, 8 0 0 A/min ©JSKfiOKtffffcftfc. 

/ctin <z>iBa«jfi*x«ia8fr«i^/c<!:c6. wmw^c 

NaClMOTiN «a*ifiEfiU (2 0 0) Mcc®5tser^o. 
*©JBS©yu-f >-*-<X«2 0 0-2 6 0 Ai 

(2 0 0) ffltC«5fe|BrpIL/fco &*5. PVDi£Ct<£ 

-2>Tifli©±icjBjiS-rs»^{c«, (ill) fficcffjfcie 

[0 0 3 8 ] 05 CC, JtStai)5SfiaS©BBff*^-r. 
ttfitStt. SEfiiafi©it»]tC<!:«>JtCorfi< ftO. MH 
il7t;CCj; O^SS^n/cTiN tt, 5 0 0 °Cr 9 0 ti Q * cm 
tctto/c. NH 3 ffl^KJ:0Bl#OJ;kffiiS«:f#*fc«C>6c« 
7 0 0 # Ctl±(DKCiaK^«<t<c-S o 06&, TIN R 
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■C3. 3atcmic%t&£<DCC*fU'C, MHjlTttt J: 0 fiR 
SSilfcTiN Tti, HDJSSfiffiffiTO. 18atomic%£ 

[0 0 3 9] cntC<fcOMH^«Tid 4 *3te»CCjl7c 

±KjgflE3nar;u5^^A©igA5& s i!?&< &£. 10 

TIN «BflEU *©±K7A'5~tfAjBI*«JlU 

Kft&tt < -r/c&*cttJ5£fififfi%5 5 0 # C«_bk: 
[0040] ^ NH 3 tciO y-XtfXfcfiTcLTTi 

(DfSCC*(Dl?ffiK:«*^/c*(C, TIN Hct><DffllR*Sffi 20 

^yccHOr«, MHM7cCCJ:0^S$n/cTiN 4 1 7 
0 0 AOJISCOflSSOfciC^ 0. 2jLtm</>, 

ffl$n^>o 30 
( b ) 2 mmm<onm 

Mioc v D«gB©aWEHr*s. 

[0 04 2] H7{C*jC»-r, mi £»&*£C*>«* 2 

flBEiEnfln-ra^a&woTc^cit?**. cvds 

2<h, Sl£^3 lrtCcy-x#x&2»A*"*#xz»AP 
3 3 <h. ^H*<DSf««acc«iKStifc»»P3 5£W 

Itt^o 40 
[0043] i/c, SJ£S3 l©±CCtt^^XvM3 6 

7CCcfc9f±#J*>*lTl>& 0 3 y'^Xv^3 6CDF^ 

SKCfct, fi7E14*X«:j»A*r*/c«&©//^»An3 4*i 

a , 3 8b #I2H3 *U «*BHCC«|f «rEPttI-r * C i CC 

»flE3nn»S 0 — ^T©«flB3 8 bCCti, 1 3. 46M 

Hz<D««»©iKja«*E4«is&-rsisja«^«3 so 
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i^tl, S/cffi*CD»«3 8 a«»tfll3tirii4 0 
[0 044] fit, 2o(Dli3 8a, 3 8b©H[tC 

tcWA3nfcjS7ctt^x*jiit{tr*. iiTc 

ltcrtl 5 ftfc fc - Z Cc 4: *S«flP!»iaK« 5 0 0 •ctt 
Trfe^tcjsssrs. coiOftCVDKKto^r 

[0 04 5] C©J;9&V-x^ifl5c^©JSJC£;CC 

M3.i<3[>rtstc«53iaL&(ri 0 * cdtin mimwm 

[0 04 6] ±iau/cv-x^x 

5ctt#x*fStt{bLrt^co-c. tin *ff &/t#>cDS^ 
Jm&fiffiH: 30 0°c-500 "ccoffiHr^^r^ o , 

[0 04 7] 3 v-x^7X<Dil7cS>Ji ItN^ 4 

( c ) ^mm<om 3 mamvutm 

CDC V D*SB©»J£BT*£. 

[0 04 8] H8K::telvt\ H 1 iStc*iC5tt. S 

^?:iAt^^iAP4 4i, ^m^mmmmc 
gM^nt^twu irto//x*sfsi-ra»pap4 s 

jl7ntt//XS:ffitt{tr-2>/ca>«:^ + >M*4 1 rtCCK 
j^«IBS*-rSfc^cD*ii^>^4 6<fc. ^t>/U10 

iicD— tc jBjaE s n r *ib ^ > ^ 4 5 ji-ta 4 21 

[0 04 9] C©CVD«{Btc*5t»-CM:, 7KiS^>y'4 



n 

£e cosi^ttJiawtc j: o , ifimasu 500 -c« 

3W*S«©±«:^ «; r ^ £;U<b %&ffife£&M0fitfb<ft 

TS. 

0 V-^^<!:jB7ctt^*?Stt{bUri^S(Dr, TIN 

3 o o °c-~ 5 o o o c©iBH-c*#-c* «p , ^©^yr^ 

[0 0 5 1 ] ttte, fiSRaffi, itffitn, 

So 

( d ) *mi<Dm4mtm<omw 

^T8>t®[1~C&So ctDHJfiWrti, *lHJfi«"CffiM 

[0052] A-yr^^i oTTiN *?BfiR-raHSr©* 

^J««i**Htrt|l#K:tt. a»ilWbffi«: <fc 

MOSF ETCDy- httiftRl 3. ^hllHM 
S/D««115a, IbbifiJ^mSti. 3 6tt\ 40 
6*a^»ffl*fti»ISl 6tC«S/D««)B 1 5 a. 15 
b*Bffl-T4/c«&©=3>^^ h*-JH 7 a, 17b# 

[005 3] J/c, 3>^^ht-iH7a, 17b*) 
*>SffiL/cS/D««Jil 5 a. 1 5 b<DgI(CW, @ 

^^bJ3S(sia) 5 0«iLtc^ o ccoJ:^tmm 

ttSfil l^An, ^CD*ag<*S«l 1*«»#2©± 
CO»tC % n>£^ $ )imf$<Dtc&)<DW\ 
MUXfl^ASo 50 
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[0 0 54] $-T. ftwn^ixl 0" 4 TorrJ^T 
«El/citC, »B£2C£rtj»3n/cfc-*tc<fc9¥ 

ag^ss i i zmm L/ . 400- 

7 0 0X^^1^^^ #*3»AP4*iIL 
tfcp7^> (N 2 H4> 1 0 0sccm©iJKfi"C^i'> 

mftCCzgAU ¥SW*S1S1 1 ©±ffi*N«KiCIB-r 

□>^^F*-JH7a, 1 7 bJfcfcRfcHLfcS/ 
D««H 15 a, 15 b©^ffitC»l?£3*ifcJS3lKjl 0 
A©S«8«MbB! (sia) 5 0tt, ^9(B) CC^"T<i:^tc 

[0 0 5 5 ] «c*s, »«iBjK*4 0 0'C£ U N^Oft 

(MH) *i(ESl 0 0scanr6 0affliKlyrfe. @ 

So 

[0 0 5 6] ^ck:. r3>^?^ LrTiSiftJdEfi 
TSXfiCcASo ¥^»^S1 1<DSK*4 0 0°C-7 
0 0 o CCCttU»-rSiifcCC. TiCl 4 ^* 10 scan, M 
H*7X*5scaru Si, H, ^/X* 2 0 0 scan©Sfflt*C?' * 
V^lrtCCatfATSiifcCC:, * 
+ mTorrCCK^-r*. CCD^friCj;n«, Si 00 A/ 
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